For a second order stationary random variable
The variogram may vary with both the length and direction of h. In this paper we 128 assume that the function is isotropic and varies only according to the length of h which 129 we denote h. 
where c 0 is the nugget variance, c 1 is the partial sill variance, a is a distance parameter,
133
ν is a smoothness parameter, K ν is a modified Bessel function of the second kind of 134 order ν (Abramowitz & Stegun, 1972) and Γ is the gamma function.
135
Conventionally the covariance parameters α = [c 0 , c 1 , a, ν, σ observations separated by lag h and a model is fitted to this point estimate by weighted 139 least squares (Webster & Oliver, 2007) . If the mean of the property varies over the 140 study region then an initial estimate of the fixed effects coefficient can be made by 141 least squares and the variogram is fitted to the residuals rather than the observations.
142
Once the covariance parameters of the LMM have been fitted they may be substituted 143 into the best linear unbiased predictor (BLUP) to calculate β, an estimate of the fixed 144 effects parameters and Z(x 0 ) a prediction of the soil property at unobserved site x 0 .
145
The BLUP, which is often referred to as universal kriging or kriging with external drift 146 when fixed effects are included, also yields an estimate of the prediction variance σ with the weights λ determined according to the LMM.
149
The validity of the fitted LMM may be confirmed by leave-one-out cross vali- 4. Winsorize the data by replacing z i by
where c is a constant 1.5 < c < 3.0. 
209
The fixed effect coefficients were estimated by a robust regression estimator and the 210 winsorizing algorithm was applied to the residuals.
211

Methods
212
The Study Area
213
The study region encompasses an area of south Wales (UK) shown in Figure 2 with the 214 underlying soil parent materials (British Geological Survey, 2006) . project of the 1960s and 1970s reclaimed slag heaps and large tracts of derelict land.
243
The Urban Survey survey to determine whether the soil iron concentration has been enriched in Swansea.
306
The predicted contribution of natural sources to the observed soil metal concen-307 trations was subtracted from the total urban observation to leave the observed com-308 ponent due to anthropogenic processes. These anthropogenic observations were highly 309 skewed and therefore the data were log-transformed. The components due to diffuse 310 pollution and point-source pollution were separated by robust geostatistical methods.
311
The approach was broadly similar to that applied by Marchant et al. of constant 1.5 < c < 3.0. This algorithm removes both positive and negative outliers.
319
However we expect that the majority of outliers will be positive and caused by point 320 source pollution. Therefore we only remove these positive outliers.
321
The mean of θ was calculated for each c and the winsorized observations z c for 322 whichθ was closest to 1.0 were assumed to be observations of the diffuse pollution.
323
The pollution is dominated by one large area to the south-east of the Swansea Valley.
378
Of the four metals, copper has the most sites at which point-source pollution is 379 evident. Local details from Ordnance Survey maps of recent (2007) and historic (1900) 380 land use at the sites affected by point-source pollution are presented in 
416
The model used in this study assumed a constant mean across the study region. case statistical outliers or hotspots in the urban area were removed from the data.
445
We believe that the substantially larger concentrations of lead across Swansea -in 446 comparison to Sheffield -result from atmospherically deposited metal due to smelting 447 of metal ores within the urban area of Swansea.
448
In England and Wales the first tier of a human health or ecological risk assess- Table 3 . The origin of the maps is a British national grid reference 260000, 187000 and the ticks denote 5000-m increments. 
